had been suggested by Councilman and Lafleur, TM Lesage, 11 and others, but Williams 12 was the first to.adopt the idea that bits of tissue-would furnish a suitable medium for the cultivation of these protozoa and replace their symbiotic micro6rganism. By using methods usually recommended for the separation of amoebae from bacteria, she succeeded in growing certain species from the intestine of man and some of the lower animals upon neutral agar plates smeared with bits of sterile brain of the guinea pig, rabbit, and dog. Further than to describe the technique of preparing the medium, the source of the amoebae, and the possibility that pure cultures offer to further study, Williams attempts no explanation of the principles involved.
Since we have found by repeating the experiments of Williams 1~ that disintegration of the tissue bits is followed by growth of the: amoebre and that no growth takes place as long as the tissues are. fresh, we thought that autolysis was responsible for her success,. and, if so, that better results should follow the use of previously autolyzed tissue for the cultivation of the amoebae from liver abscesses.
METHOD OF CULTIVATION.
Bits of sterile liver, kidney, and brain of healthy rabbits, guinea pigs, kittens, and human placenta are collected in sterile flasks, sealed, and placed in a thermostat at 4 °0 C. for ten to twenty days. While a longer time is required for complete autolysis there is sufficient disintegration and liquefaction in the shorter period to render the material suitable for use.
The fluid tissue titrates from I to IO per cent. acid against phenolphthalein, depending upon the length of time that disintegration is allowed to continue. A neutral or slightly acid reaction (not exceeding 1. 5 per cent. acid) has given the best results. Should the reaction of the autolyzed tissues exceed this point correction may be made in the usual way by the addition of notarial sodium hydroxide.
By means of a sterile pipette o.I to o. 5 of a cubic centimeter of autolyzed tissue is distributed over the surface of a neutral agar slant and the tube kept for several hours in the horizontal posi-tion to permit absorption of the tissue juice by the agar. The tube may then be stood upright, incubated to determine its sterility, and is ready for use.
Equally good results may be obtained if the agar is previously melted and the tissue juice added to it, but care should be taken that the temperature of the agar does not exceed 5o ° C. and the surface of such slants should be broken before using; for the tissue fraganents quickly gravitate when the tubes are slanted and allowed to cool, and the amoebae are unable to obtain from the surface of the agar a sufficient amount of the autolyzed material for their nourishment. Our earlier failure to cultivate amoebae from a bacteria-free liver abscess upon autolyzed tissue prepared in this manner is, we believe, accounted for by neglecting to recognize this important point.
The agar upon which the autolyzed tissues are smeared is made in the usua'l way and neutral in reaction. While it has been noted that better growth is obtained upon a neutral agar base, good results follow if the reaction of the agar does not exceed o. 5 alkalinity. Upon an acid agar base it has not been possible to induce the multiplication of the amoebae. Since the tissue juices are the essential factors in the cultivation of the protozoa without bacteria, the addition of nutritious substances (peptones, beef extract, etc.) to the agar is unnecessary as these substances are of no value in the development of the protozoa without bacterial symbionts.
With these tissue juices we have cultivated an amoeba from a liver abscess, we were unfortunate in that the material from this abscess proved not to be sterile and, for the present, still leaves the problem in doubt. But the comparative ease with which the amoebae were separated from the bacteria present, with the knowledge that cultures made from the fluid aspirated from the liver previous tO surgical interference were sterile, leaves little doubt but that the symbiosis was between amoeba: and tissue and not between amoebae and bacteria.
In like manner five species of amoebae isolated by one of us (Couret) from the intestine in frank amoebic dysentery and growing in symbiosis with bacteria, and a culture of amoeba with Bacilhts typhosus from Musgrave and Clegg have been separated from their associated microSrganisms and have now been growing for several generations on autolyzed tissue of the liver, kidney, and brain of rabbits and guinea pigs, and upon autolyzed human placenta and autolyzed defibrinated blood.
The necessity of using autolyzed rather than fresh bits of tissues in the cultivation of amoebm from bacteria-free liver abscesses is evident from what is known to occur to these parasites when removed from their favorable environment in the liver. Active amoebm in liver pus disintegrate and disappear completely in less than twenty-four hours under the most favorable conditions of moisture and temperature. We are not at present prepared to explain why this occurs, or why the active parasites should not encyst or sporulate, but the scarcity or absence of either active or encysted amoebm or their spores after the lapse of such a short time suggests that some form of ferment action, whether autogenous or heterogenous, destroys the active amoeba before they can protect themselves. If the medium should not be fully prepared to continue without interruption the growth and multiplication of the active amoebm within twenty-four hours after the material is planted, little success can be hoped for, since the few scattered encysted forms and spores present, for some reason not yet understood, fail to leave their cyst when transferred to any medium that we have so far employed.
Upon this medium, multiplication of amoebm previously grown on tissue bits is abundant in twenty-four hours at room or incubator temperature. But with amoebm cultivated from the liver abscess or in cultures recently separated from their symbiotic bacterium growth is scant in the thermostat and more so at room temperature, for several generations, though frequent transplants (three to seven days) appear to increase the multiplication of the parasites.
The addition of heated (4 o° to 5o°C.), unheated, or filtered serum of an animal to its own tissue juices has apparently been of little advantage in increasing the growth of amoebae; neither has the addition of o. 5 per cent. dextrose and glycocoll exerted any noticeable effects upon the culture. It is possible that increased or decreased amounts of these subs[ances may in some manner influence the early growths.
Cultivation o/Amoebae upon Autolyzed Tissues.
No attempt has been made in the present study to determine whether anaerobic conditions would influence the initial growth or subsequent transplants of amoebae from the liver. Previous attempts with amoebae from a sterile liver abscess upon a medium composed of human serum heated at 4 °o C. for one hour with washed human corpuscles and dextrose and glycocoll were unsuccessful, although in the same medium under aerobic conditions the amoeb2e were found still active at the end of seven days.
DISCUSSION AND CONCLUSIONS.
Since the purpose of this paper is to record the cultivation of amoebae upon autolyzed tissue without bacterial association, the morphological characteristics, life cycle, means of differentiating species, and pathogenicity of the protozoa have been omitted. These subjects will be considered in later publications.
The result of this study proves that some species of amoebae from liver abscesses and the human intestine can be cultivated upon various autolyzed tissues of man and some of the lower animals without a symbiotic anicro6rganism. Their cultivation from liver abscesses upon such bacteria-free autolyzed tissue indicates that their multiplication in these lesions depends upon some product or products in the process of dissociation of the liver cells. That such a process exists in amoebic liver abscesses cannot be questioned when histological and biochemical studies are made of such lesions, and this explains not only why the multiplication of the parasites in the organ occurs, but suggests the probable origin of the lesion.
It has long been known that tissue kept for several days in a perfectly aseptic condition and at body heat, or preferably at slightly higher temperature undergoes softening and final disintegration of its cells. Wells 14 and others who have made a thorough study of this phenomenon find that different enzymic actions take place in this process: thus in the liver they find that soluble nitrogen compounds are greatly increased, the nucleoproteids are altered by nuclease, the purin bases are freed and in their turn acted upon by the guanase and adenase, the fats are split and fatty acids set free, 14 Wells, G. H., Chemical Pathology, Philadelphia, 19o7.
the glycogen gives rise to glucose and undergoes further splitting, lecithin is cleaved, and allied bodies appear, and there is a marked appearance .of cholin and cholesterin. Similar changes varying only in degree occur in the process of autolysis of other tissues. Furthermore, Dural '5 in his experiments upon the cultivation of Bacillus leprce found that the initial multiplication was accomplished when the specific organism was in symbiosis with an associated bacterium capable of hydrolyzing the leprous tissue. In later experiments he noted that the products of split proteins supply what is actually required for the growth of this particular obligate cell parasite, and that while this end is reached with bacteria through their proteolytic action equally good results can be obtained with tissue free from contaminating micro6rganisms provided that it is allowed to autolyze.
The separation of amoebae cultivated from the human intestine from their bacterial symbiont, and their development upon various autolyzed tissues indicate that it is not the bacterium that is essential for the life of these protozoa, but the action of the living bacteria upon the protein contained in the media. This would explain the failure of many investigators to cultivate amceb~e with dead bacteria or bacterial filtrates.
Mention has been made that the autolyzed tissue used in the cultivation experiments gave a distinct acid reaction. The multiplication of amoebae upon a medium with such a reaction appears contradictory to the findings of Musgrave and Clegg, 1G Walker, ~7 and others, who have emphasized the necessity of an alkaline medium for the successful cultivation of amoebae with a bacterial symbiont, though in accord with what is known to be the reaction of the contents from ameebic liver abscesses and of the bloody stools in intestinal ameebiosis. The fact should not be lost sight of that, in the cultivation of amoebae, these authors lay stress upon the selectiveness of amoebae for a special microSrganism. A comparison of their work with our own results indicates that bacteria known to possess strong hydrolyzing properties, e. g., Vibrio choler¢, Bacillus coli,
Cultivation of Amcebce upon Autolyzed Tissues.
Bacillus subtilis, Vibrio proteus (Finkler-Prior), etc., furnish the best symbionts to the amoebae. It is well known that these bacteria growing upon gelatin or blood serum liquify the medium and alter its reaction to a marked degree of acidity. This acidity, for the most part, results from dissociation of the protein molecule contained in the media, for Wiener TM has shown that autolysis does not begin until the normal alkalinity of the tissues has been neutralized by the production of organic acids.
Since experiments show that the development of the amoebae is scant or completely arrested if the autolyzed tissue is smeared upon an acid agar base or upon agar with an alkalinity higher than I per cent., the limit within which multiplication can occur must be small. It is possible that this explains why amoebae are so few in the center of liver abscesses where the acidity is very high and so plentiful in or near its walls where the normal tissue juices furnish a controlling influence over the acidity of the autolyzing tissue. It explains also why a neutral or a I to 1. 5 per cent. alkaline medium is essential for the cultivation of amoebae with a bacterial symbiont. Here the necessity for a mediun~ with an alkaline reaction seems necessary, as bacteria, especially those having high hydrolyzing properties, develop a marked acidity in the medium. If the medium possesses an initial acidity the limit is either quickly reached or already present and no multiplication occurs. On the other hand, a medium with a reaction too alkaline either inhibits the growth of symbiotic micro6rganisms, or neutralizes the acid products as rapidly as they are formed by the associated bacterium.
Whether the amoebae cultivated from liver abscesses and from the intestinal canal upon diverse autolyzed tissues are able to produce lesions similar to those from which they were isolated, or whether they are non-pathogenic species which are accidental contaminators to those responsible for frank lesions, remains still to be determined. Experiments bearing upon these points, as well as on many others made possible by this work, are now under way.
is Wiener, cited by Adami, J. G., The Principles of Pathology, Philadelphia and New York, 19o8, i, 338. 
